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Mycoplasmas cause pneumonia, polyserositis, and arthritis in swine. The pathogenic mycoplasmas, several nonpathogenic mycoplasma species, and the acholeplasmas are frequently isolated from the respiratory and other mucosal surfaces of swine. Because mycoplasmas require unique conditions for growth and do not exhibit much diversity in biochemical activity, they are not recovered and identified using standard bacteriological techniques. Identification of the organisms isolated in mycoplasma broth on primary culture has traditionally required testing by immunofluorescence (FA), disc growth inhibition, metabolic inhibition, or other serologic procedures with antibody specific for described mycoplasma species. Identification by serologic means is reliable, but performance and evaluation of these tests require preparation and maintenance of pools of reliable antisera as well as high technical proficiency.
The objective of this study was to investigate the feasibility of using 2 commercial enzyme assay systems a for identification of porcine mycoplasmas. Both commercial enzyme assay systems have been used for identification of a variety of bacteria 2,5,6 and pathogenic fungi. 3, 6 Both systems measure preformed enzymes present within the microbial cell and do not require actual propagation of the organisms. One enzyme assay system (An-IDENT) was designed for rapid identification of anaerobic bacteria, and the other (API-ZYM) for detection of enzyme activities in many specimen sources, such as biological fluids, soil, and microorganisms. Enzyme assays are a potential alternative to immunofluorescence or From the Veterinary Medical Research Institute, Iowa State University, Ames, IA 50011.
Received for publication October 29, 1990. other serologic procedures for mycoplasma identification in clinical and diagnostic laboratories. Fourteen mycoplasmas representing 7 different species either acquired from the American Type Culture Collection or identified at the Veterinary Medical Research Institute, Iowa State University, were evaluated. The organisms and number of strains tested for each species are listed in Tables 1 and 2, respectively. Acholeplasma sp. and Mycoplasma sp. were grown in appropriate mycoplasma broth as described. 4 All of the cultures were incubated at 37 C for at least 24-48 hours and harvested during the logarithmic phase of growth. Thirty to 60 ml of log phase culture was required to provide enough cells to perform an assay. Cells were harvested by centrifugation at 17,300 x g for 15 minutes at 3 C and resuspended in distilled water at a density equivalent to a MacFarland standard No. 5. 1 Each cell suspension was inoculated immediately into the cupules of a test strip (approx 0.07 ml/cupule) or stored at -70 C for up to 1 week before assay. When cupules were inoculated, 1 drop of cell suspension was streaked onto a blood agar plate and incubated aerobically at 37 C for 48 hours to check for bacterial contamination. After incubation of cells with substrates, appropriate reagents were placed in each cupule, and color reactions were allowed to develop for the recommended time. The color in each cupule was evaluated visually and assigned a value according to the standardized reaction color chart provided for each test system.
The following enzymes were not detected in any species and are excluded from Tables 1 and 2 : α -fucosidase and α-galactosidase (both systems); α-arabinosidase and pyroglutamic acid arylaminadase (An-IDENT); and ß-galactosidase, ß-glucuronidase, ß-glucosidase, and α-mannosidase (API- Table 1 . Enzyme profiles of porcine mollicutes obtained with an enzyme assay designed for anaerobic bacteria (An-IDENT). ZYM). Indole production (An-IDENT) was not detected in zyme profiles in both enzyme assay systems. The acholeany mycoplasma species tested.
plasmas tested were easily distinguished from the myco-All strains tested were positive for leucine aminopeptidase plasmas in both enzyme systems. Glucose utilizers (A.
in both systems, and for acid phosphatase and esterase lipase laidlawii, M. hyorhinis, A4. flocculare, and AI. hyopneumon-(ESL) in API-ZYM. Positive N-acetyl-glucosaminadase iae) exhibited more diverse enzyme profiles than did my-(NGS) and chymotrypsin reactions separated the achole-coplasmas that utilize arginine (AL hyosynoviae, M. arginini, plasmas from all mycoplasmas except M. hyorhinis with the and AL salivarium); these arginine utilizers were not well API-ZYM test. Acholeplasmas were differentiated from 1M. differentiated by enzyme profiles. Both enzyme assay systems hyorhinis by the intensity of positive reactions for ESL and show promise for identification of some of the mycoplasmas phosphoaminidase. Mycoplasma hyopneumoniae yielded most commonly isolated from pigs, such as AI. hyorhinis and weak positive reactions for α-glucosidase (ADG) and lipase, IU. hyosynoviae. Two closely related species from swine rewhereas the closely related 1M. flocculare was negative for spiratory tracts, M. flocculare and M. hyopneumoniae, were those enzymes. More definitive differences in color reactions not reliably separated by the enzyme systems even though or other criteria are needed to reliably separate these two they can be differentiated by FA. Some enzymes, such as species.
NGS in M. hyorhinis and ADG in M. flocculare, were de-Using An-IDENT, alkaline phosphatase activity was de-tected in 1 assay system but not the other.
tected in the acholeplasmas and M. hyorhinis, but not in Before undertaking this strategy for identification, it is imother mycoplasmas; however, presence of NGS was unique portant to determine by colony and microscopic morphology to acholeplasmas in this system. Mycoplasma hyopneumonthat the isolate is a mollicute. Because more than 1 species iae and AI. flocculare were the only organisms positive for of mycoplasma may be present in primary isolation broth, ADG. The enzyme profiles of strains of AI. hyosynoviae, AL especially from respiratory or other mucosal sites, subculture arginini, and M. salivarium were similar. However, they were to agar for cloning of pure cultures is required. Further inconsistently differentiated from AL hyorhinis by positive proformation about the enzyme profiles of various species may line aminopeptidase reactions and from M. hyopneumoniae expedite detection of mixed mycoplasma species in broth and AI. flocculare by negative ADG.
cultures by enzyme assay before subculture to agar for clon-The mycoplasmas evaluated exhibited characteristic ening. Table 2 . Quantitative assessment of enzymes in porcine mollicutes with an enzyme assay designed for many specimen types (API-ZYM).
A major advantage of enzyme assay over classical use of immunofluorescence and other serologic procedures for identification of mycoplasmas is that the technical requirements and reagents for preparation and performance of the serologic tests are obviated. Both enzyme assay systems evaluated in this study were simple to conduct and required only 4 hours of incubation before assessment. Although both enzyme assay systems are potentially more convenient than present mycoplasma identification techniques, the requirement for as much as 60 ml of log phase culture renders them impractical for use in most diagnostic and clinical laboratories. A system designed especially for mycoplasmas might require less inoculum and/or less intense color reactions. This adaptation might be accomplished by miniaturization of the test, elimination of substrates for nonreactive enzymes, addition of appropriate substrates for other enzymes, utilization of more sensitive color reactions, and/or adaptation of color reactions to automated evaluation in a microtiter plate enzyme-linked immunosorbent assay reader. With such modifications, identification of mycoplasmas by enzyme assay could become a useful procedure in diagnostic laboratories.
when techniques for the isolation of the Lyme disease agent, Borrelia burgdorferi, were used.
We became aware of these pseudospirochetes while culturing approximately 200 canine blood samples for spirochetes. 7 Blood from clinically normal horses (n = 3), sheep (n = 3), and cows (n = 3) was also cultured and examined for pseudospirochetes. Blood was collected into sterile citrate vacutainer tubes, and 1 ml of titrated blood was inoculated into 6 ml of modified Barbour-Stoenner-Kelly II (BSK) medium. 2, 7 The tubes were incubated at 35 C for 3 weeks. Samples taken from medium directly above the erythrocytes were examined with darkfield microscopy twice weekly for the first week of incubation and weekly thereafter.
For transmission electron microscopy, the contents of the entire tube of inoculated medium (approximately 7 ml) was added to an equal volume of Trump's fixative 10 and centrifuged at 500 x g for 10 minutes. The supernatant was further centrifuged at 100,000 x g for 10 minutes at 4 C, and the pellet was resuspended in 200 µ1 of Trump's fixative. Ten microliters of the resuspension was placed on formvar-coated
